Australia. For P. mccullochi, fine-scale habitat associations were also assessed using the 27 position of individual fish as observation points. A fourth species, the endemic Parma bicolor 28 was rarely encountered. Satellite derived sea surface temperature was a good predictor of the 29 distribution of the three commonly encountered species over the survey area. P. occidentalis 30 were northerly distributed in warmer waters, P. victoriae southerly distributed in cooler 31 waters, while P. mccullochi were cosmopolitan over the survey area, with the highest 32 densities recorded towards the centre of the study area. These findings suggest that eco-33 physiological theory may be applicable to describing the distribution of these, and similar, 34 species. Similar habitat associations were observed for the three commonly encountered 35 species, and in the case of P. mccullochi at a range of spatial scales. All species were 36 associated with vertical or overhanging rock walls, and avoided areas of continuous algal 37 canopy. P. occidentalis and P. mccullochi were associated with turfing and understorey algal 38 forms. As the species use similar habitats, we suggest that where their distributions overlap 39
Similarities and differences in the density, distribution and habitat associations of three 24 species from the pomacentrid genus Parma (Parma mccullochi, Parma occidentalis, Parma 25 victoriae) were identified across 2,000 kilometres of temperate coastline in Western 26
Australia. For P. mccullochi, fine-scale habitat associations were also assessed using the 27 position of individual fish as observation points. A fourth species, the endemic Parma bicolor 28 was rarely encountered. Satellite derived sea surface temperature was a good predictor of the 29 distribution of the three commonly encountered species over the survey area. P. occidentalis 30 were northerly distributed in warmer waters, P. victoriae southerly distributed in cooler 31 waters, while P. mccullochi were cosmopolitan over the survey area, with the highest 32 densities recorded towards the centre of the study area. These findings suggest that eco-33 physiological theory may be applicable to describing the distribution of these, and similar, 34 species. Similar habitat associations were observed for the three commonly encountered 35 species, and in the case of P. mccullochi at a range of spatial scales. All species were 36 associated with vertical or overhanging rock walls, and avoided areas of continuous algal 37 canopy. P. occidentalis and P. mccullochi were associated with turfing and understorey algal 38 forms. As the species use similar habitats, we suggest that where their distributions overlap 39 they will experience niche overlap and resource competition. While each species may occupy 40 different fundamental niches defined by different sea surface temperature requirements, 41 further study may reveal that competition for resources between these species leads to 42 competitive displacement on both local and geographical scales. This study aimed to identify similarities and differences in the habitat associations of each 120 species of Parma across the biogeographic scale of temperate Western Australia. Using the 121 most abundant of the study species, Parma mccullochi, the habitat associations of each 122 recorded fish were assessed at a single location. In addressing these aims we: 123 1) Describe the distribution and density of Parma species on shallow rocky reefs in temperate 124
Western Australia. 125 2) Quantify the correlations between discrete abiotic and biotic habitat variables and sea 126 surface temperature (as a proxy for water temperature) with geographical patterns in densities 127
of Parma spp. 128
3) Perform fine scale analyses to determine whether the habitat associations of individual P. 129 mccullochi are random or whether the fish 'select' for specific habitats. meaning that only one diver was present at the cameras, and so reduced the effects of diver 161 presence on the fish assemblages that were captured on the video. The effects of SCUBA 162 diver presence on the recorded fish abundance can be variable and species specific, possibly 163 attracting or repelling fish (see Watson & Harvey 2007) . Each transect was as linear as 164 possible within the target habitat, and the 10 m distance between transects was measured 165 using the 10 m rope between divers. The stereo-video system allows accurate and precise 166 measurements of the length of fish, and the range and angle of a fish from the camera system 167 8 which allowed ex situ habitat analysis. The benefits of using this type of system for 170 measuring fish densities and lengths have been discussed elsewhere (Harvey et positions were used to exclude fish that were further than 7 m from the camera system (7 m 191 was the minimum usable visibility), or more than 2.5 m from the centre of the transect line. 192 9 were visible in only one camera as they were hidden by benthos or rugose substrate, could 195 not be measured, but were still counted and included in the density data. and 5) overhead overhanging reef or cave. Benthic biota cover was estimated at eachobservation point for the following variables; sessile invertebrates, Ecklonia radiata (kelp) 220 canopy, non-Ecklonia canopy forming algae (fucalean species), and understorey algae, which 221 included fucalean, foliose, and turfing alga where a canopy was not present. These were 222 assigned a rank from zero to six according to the following estimated percentage cover 223 categories: 0) nil, 1) <1%, 2) 1-10%, 3) 10-25%, 4) 25-50%, 5) 50-75%, and 6) >75% cover. 224
The understorey algae category was further divided into three groups; foliose algae, turf 225 algae, and seagrass, the presence or absence of each of these three groups at each observation 226 point were recorded. For geographical analysis these categorical observations were averaged 227 to give measures of mean habitat at the reef site level (60 measurements, 1500 m -2 ). 228
229
As this survey encompassed both the warm and cold extremes of range for different Parma 230 species mean water temperature throughout the year was used instead of winter temperature. represented the historical record of water temperatures on a scale that was thought to be 238 relevant to long-lived, site-associated species such as those of the genus Parma. 239
240
Fine scale habitat quantification 241 on a finer scale. This analysis was carried out using data from one location in region 3 245 (Marmion Lagoon, Perth) because densities of this species were found to be highest there. 246
Rather than averaging habitat observations to the site level, the data from each of the five 247 individual habitat observation points on each transect were used. These were compared to 248 similar observation points made where each P. mccullochi was encountered. These 249 observations were made from a single video frame, at the point in time where the fish was 250 measured. The habitat visible in the entire field of view at that frame was characterised 251 following the procedure described above. 252
253

Statistical Analysis 254 255
Geographical patterns in density and range 256
Total number of fish per reef site (1500 m 2 ) for each Parma species at each of the seven 257 geographical regions were calculated and represented graphically. Univariate ANOVA 258 analysis were performed using MINITAB release 13 on square root transformed densities of 259 each species, using a three factor (Region, Location and Site) hierarchical nested model. 260
Region was a fixed factor with seven levels. The factor location had four levels and was 261 nested within region. The factor reef site also had four levels and was nested within location. 262 A square root transformation was applied as this resulted in the data most closely fitting a 263 normal distribution as tested using Anderson-Darling normality tests. Bray-Curtis includes a dummy species of value one in all samples. Habitat predictor variable 289 data were not transformed. Where habitat variables were strongly correlated (> ± 80 %) one 290 variable was excluded. Sand cover was negatively correlated to reef cover so was excluded 291 from analysis. Mean sea surface temperature data was also included in the model. No 292 environmental variables were strongly correlated with sea surface temperature. DistLM was 293 performed using the best selection procedure and the AICc. AICc was originally proposed by 294 greatly improve model selection with small sample sizes (Hurvich & Tsai 1989 , Hurvich et 296 al. 1990 ). For these reasons it was selected for use in our analysis. The variables selected to 297 make up the model were then plotted using distance based Redundancy Analysis (dbRDA). 298
Spearman rank correlations of the densities of each Parma species to the dbRDA axis were 299 calculated. 300 301
Habitat associations of each species 302
While the analysis above considered the three common species together, we also wanted to 303 assess the habitat associations of each species individually. For this analysis DistLM using 304 the best selection procedure and AICc criterion was used to model the distributions of each of 305 the three species individually using the environmental variables described above. Marginal 306 tests were used to identify the environmental variables that explained a significant portion of 307 the variation in the densities of each of these species. For Parma mccullochi DistLM and 308 marginal tests were performed across all seven regions as this species was ubiquitous. For 309
Parma occidentalis and Parma victoriae this analysis was carried out only using data from 310 the one region where they were most abundant (regions 1 and 7 respectively). This was to 311 reduce the likelihood of detecting spurious relationships with habitat, as these species were 312 rare in other regions. 313 314
Fine scale habitat associations 315
Fine scale habitat analysis for Parma mccullochi was performed at one location in region 3 316 (Marmion Lagoon, Perth). This analysis was designed to determine whether the distribution 317 of P. mccullochi along a transect was random or whether the fish were 'selecting' for specific 318 habitats. Observations of habitat were recorded from the point on the video where each P. 319 was calculated from five haphazard observations along each transect, as described previously. 321
The percentage of observations where each category of habitat variable was recorded was 322 plotted for the expected habitat and observed habitat when P. mccullochi were present. Chi-323 square goodness of fit tests were calculated to test a hypothesised difference between 324 expected and observed observations. Categories where the expected values were very low 325
were summed together to allow testing. Rottnest Island. This species has been omitted from analysis due to its extreme rarity. 333
Differences in the densities of the three commonly observed Parma species per reef site 334 sampled (1500m 2 ) were observed throughout the survey area (Figure 2 ). Significant 335 differences at α = 0.05 in densities of all Parma species were observed between regions 336 (Table 1) . While these were significant for each species, significant results were also returned 337 for locations within regions and reef sites within locations. There is a high degree of 338 variability expressed in the sums of squares at all levels of the ANOVA design. This 339 variability reflects the patchily distributed nature of these three species. were recorded, the density of P. victoriae was found to increase south and eastward from 362 region 3 to a maximum mean density of 5.1 fish 1500 m -2 (± 1.5 SE, n = 16) at region 7 363 (Esperance). Region 3 (Perth) was the northern range limit for this species on shallow coastal 364 rocky reef in Western Australia. were not strongly correlated to the first two dbRDA axes which accounted for so much of the 386 variation in the fitted model (Table 2) . On a smaller scale these variables showed greater 387 predictive power (Table 3 ). The variables associated with more complex reef, such as Reef / 388 outcrop height, and increasing cover of Ecklonia radiata, were correlated with P. occidentalis 389 density (Figure 3) . The correlation vector for P. victoriae increased in the opposite direction, 390
and P. victoriae appeared negatively correlated with E. radiata cover (Figure 3) . Across the 391 geographical range surveyed reef site scale patterns in densities of Parma were most strongly
Habitat associations of each species 395
Further modelling of each species of Parma individually using the environmental variables 396 revealed that vertical or overhanging walls explained a large proportion of the patterns in 397 density of all species (Table 3) . Turf algae presence, overhead reef or cave, overhanging wall, 398 and reef or outcrop height above the seabed were selected by the model to best predict the 399 abundance of Parma mccullochi (Table 3) . Turf algae presence, other algae cover and 400 overhead reef or cave, and overhanging wall explained the largest proportions of the variation 401 in the density of P. mccullochi across the whole survey area (Table 3) . Marginal tests showed 402 that these relationships were statistically significant (Table 3) . Turf algae presence and 403 overhanging wall were selected by the model to best predict the abundance of Parma 404 occidentalis at region 1 (Table 3) . Hard coral cover, turf algae presence and overhanging wall 405 all explained greater than 10% of the variation in P. occidentalis densities at region 1. 406
However, none of these relationships were statistically significant (Table 3 ). In the case of 407
Parma victoriae, the explanatory variables vertical wall and seagrass presence were selected 408 by the model to best explain the abundance of this species at Region 7 (Table 3) . Vertical 409 wall and overhanging wall explained large and statistically significant proportion of the 410 variation in the densities of P. victoriae at region 7 at 34% and 31% respectively (Table 3) . 411
Seagrass presence, non-Ecklonia canopy cover and hard coral cover all explained greater than 412 10% of the variation yet the relationships were not significant (Table 3) surface temperature at this region may encompass the minimum and maximum temperature 491 respectively that allows successful population processes for these species. Highest densities 492
of Parma mccullochi were found at region 3, although P. mccullochi was cosmopolitan over 493 the survey area. Density of P. mccullochi was generally high over the survey area, but diddecrease quickly at the warm and cool extremes of the survey range. This pattern is broadly 495 similar to the abundant centre distribution of this species which was described by Tuya et al. predictive models of the abundance distribution of marine species, and our observations 508 support this conclusion, at least over broad geographical scales in Western Australia. 509
510
In addition to possible physiological effects, sea surface temperature may be a proxy for 511 physical and biological oceanographic processes. Such patterns could influence survivorship 512 of fish larvae and the feeding of reef fish (Kingsford 1989 ) which may in turn influence 513 patterns of reef fish assemblages. While sea surface temperature appears to separate Parma 514 victoriae from other species on the south coast of W.A. other environmental factors may be at 515 play. For example, the dominance of the canopy algae Ecklonia radiata decreases along the 516 south coast as it is replaced by other fucalean canopy species (Wernberg et al. 2003 ). This 517 pattern may be reflected in the correlation of E. radiata in a similar direction to P. found that the presence of turfing algae predicted the density of Parma mccullochi well. 531
Regional scale modelling of the species separately also outlined associations of Parma to 532 certain algal morphologies. P. mccullochi and Parma occidentalis were both associated with 533 turf algae presence and understorey algal cover. In addition, our fine scale habitat 534 observations for P. mccullochi revealed an association with high understorey algae cover and 535 low canopy cover (both Ecklonia radiata and otherwise). While little published information 536 is available on P. mccullochi and P. occidentalis, as territorial herbivores (Jones 1999) they 537 are likely to eat turfing algae and understorey algal species. Published information is 538 available for P. victoriae, which has a strong preference for red algal understorey species 539 such as from the genera Champia and Rhodoglossum (Jones 1999 However, breaks can occur as a result of storm disturbance (Kennelly 1987a) . 555 556 Similar habitat use suggests that where the distributions of the three common species of 557
Parma in south-western Australia overlap, they can be considered to occupy a similar post-558 interaction ecological niche. In areas where the species co-occurred they were often recorded 559 on the same transect. On a fine scale, the biogeographic density patterns are likely to be 560 directed by local scale processes such as recruitment, or by the availability of resources, 561 territorial interactions and competition for use of these resources (Chase & Myers 2011, 562 Wiens 2011). In addition, species competition should be considered in connection with the 563 niche concept, since some similarity and overlap in niches is a prerequisite of competition 564 (Alley 1982) . Where the distributions and habitat use of Parma species overlap, competition 565 for resources is likely to be important in determining their realised niches. Indirect evidence 566 of such processes is suggested by our study. Earlier in this discussion we have highlighted the 567 importance of local scale habitat variables in determining the density of Parma in south-568 western Australia. Such small scale habitat variation may lead to interspecific competition for 569 resources. For example, at regions 5 and 6 the density of P. mccullochi was high, while the 570 density of P. victoriae was comparatively low. By contrast at both the northern and southern 571 adjacent regions (regions 4 and 7) this pattern was reversed. While these density patterns 572
were undoubtedly influenced by other factors, such as recruitment and oceanographic 573 processes, and habitat variation, they suggest interspecific interactions and competition. To 574 tease out the separate influences of these processes would require well designed targeted 575 
